ABSTRACT-Public low voltage feeders containing a mixture of several micro-sources, distributed energy storage units (ESUs) and controllable loads, which appear to the upstream distribution network as controllable entities, are known as MicroGrids. Through intelligent co-ordination of micro-generators and ESUs, coupled with demand side management techniques, MicroGrids have the potential to offer significant improvements in the commercial value and environmental impact of installed micro-generators. Furthermore, using appropriate active control techniques, MicroGrids could potentially overcome the low voltage distribution network constraints associated with high levels of micro-generation. The research described in this paper builds upon previous research carried out at Durham University, which proposed a preliminary distributed control approach for MicroGrids. The first steps in this approach have now been implemented using agent technology on the laboratory based Experimental MicroGrid at Durham University. Results from this practical implementation of first-stage agent-based control are presented and discussed. Finally, the agent-based controllers are evaluated based on their suitability to satisfy the specific control requirements of MicroGrids.
INTRODUCTION
Interest in Distributed Generation (DG) has increased greatly in recent years as fears over global warming, high oil prices, the decline of indigenous energy supplies and increasing governmental support are expected to lead to a continuous increase in electricity generated by renewable energy sources. Furthermore, the deregulation of the electricity industry in some countries has also played a key role in increasing competition and opening the market to newcomers, thus allowing more privately owned generators to be interconnected to the electricity distribution network.
In addition to the distributed generation embedded in Medium Voltage (MV) distribution networks, micro-generators installed at end users at Low Voltage (LV) levels are gaining significant momentum, due to potential advantages regarding reliability, energy efficiency and power quality. For the United Kingdom (UK), installed micro-generation capacity could grow to as much as 8GW by 2015 according to a major recent study [2] , while a second study has suggested that micro-generation technologies could supply between 30 to 40 per cent of the UK's electricity demands by 2050 [3] . This is due to technologies such as domestic Combined Heat and
